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Abstract 
A greater understanding of the biology of neural progenitor cells and the effects of 
the extracellular matrix (ECM) microenvironment on these cells will provide 
important information relevant to studies of central nervous system (CNS) 
development, regeneration, and repair. This study investigates the effect that 
purified collagen (COL), fibronectin (FN), and laminin (LAM) ECM substrates have 
on neural progenitor cells derived from the brain (BPCs) and retina (RPCs) of nea- 
natal mice. The BPCs and RPCs were cultured on COL, FN, and LAM to determine 
if the ECM substrates influenced the adhesion of the cells to the substrate, their 
proliferation, or cell fate during differentiation. No statistically significant difference 
was observed in the number of BPCs and RPCs attached to the. ECM substrates, 
with the cells adhering equally well to COL, FN, and LAM. No statisically significant 
difference was observed in the number of proliferating BPCs and RPCs cultured on 
the ECM substrates. BPCs and RPCs cultured under differentiation conditions on 
COL, FN, and LAM expressed a variety of cell specific phenotypes,, as determined 
by immunocytochemistry. None of the ECM substrates made a statistically 
significant difference in the numbers of specific cell types. Finally, BPCs and RPCs 
were cultured on FN and labeled with antibodies against integrins and integrin 
associated proteins and the progenitor cells were found to possess a5 and R1 
integrin subunits. Co-localization of these subunits with talin of the F-actin 
cytoskeleton suggests they are capable of forming focal adhesions and point 
contacts. This suggests that the BPCs and RPCs express a diverse complement of 
integrin receptors that permits effective adhesion to a variety of ECM substrates. 
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Background 
A greater understanding of the biology of neural progenitor cells will provide 
important information relevant to studies of central nervous system (CNS) 
development, regeneration, and repair. Neural progenitor cells are derived from the 
nervous system, have some capacity for self-renewal, and produce specific cell 
types through asymmetric cell division (Gage, 2000). Neural progenitors have been 
isolated from a variety of mammalian CNS including adult, developing, and 
embryonic brains and retinas (Gage et al., 1995; Palmer et al., 1997; Shatos et al., 
2001). Neural progenitor cells derived from the forebrains (brain progenitor cells, 
BPC) and retina (retinal progenitor cells, RPC) of neo-natal transgenic mice have 
been isolated and cultured as neurospheres and used in a variety of in vitro and 
transplantation studies (Klassen et al., 2004; Mizumoto et al., 2003; Shatos et al., 
2001; Van Hoffelen et al., 2003; Zahir et al., 2005). These BPCs and RPCs have 
been shown to express a wide variety of mature phenotypic markers both in vitro 
and in vivo. Also, these cells are capable of surviving and integrating within the host 
environment (retina) during transplantation (Klassen et al., 2004; Mizumoto et ai., 
2003; Van Hoffelen et al., 2003) and even seem to help preserve function of 
damaged retina (Klassen et al., 2004). 
While studies have revealed that neural progenitor cells possess the ability to adopt 
a variety of cellular fates in vitro, the particular mechanisms behind this 
differentiation are not completely understood. One mechanism that is thought to 
play an important role is the microenvironment niche around the cells (Angenieux et 
al., 2006; Campos et al., 2004; Flanagan et al., 2006; Kearns et al., 2003; Leone et 
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al., 2005; Shen et al., 2004; Tate et al., 2004; Zahir et al., 2005). The presence, or 
lack, of certain extrinsic cues such as extracellular matrix (ECM) molecules (De 
Arcangelis and Georges-Labouesse, 2000; Flanagan et al., 2006; Shen et al., 2004; 
Song et al., 2002), cytokines (Klassen et al., 2003) and growth factors (Angenieux et 
ai., 2006; Gabay et al., 2003; Zahir et al., 2005) have been shown to influence cell 
fate and proliferation. 
In addition, the ECM substrates may also play an important role in neural progenitor 
cell development and plasticity. ECM substrates are known to play an important role 
in the patterning and development of the CNS (Alvarez-Buylla and Lim, 2004; Bokel 
and Brown, 2002; De Arcangelis and Georges-Labouesse, 2000; Flanagan et al., 
2006; Giancotti and Ruoslahti, 1999; Mercier et al., 2002; Stupack and Cheresh, 
2002). The subventricular zone, an area known for neurogenesis in the adult brain, 
has been shown to have a uniquely structured basement membrane containing 
laminin and collagen (Mercier et al., 2002}. As progenitor cells within this region 
cease proliferation and begin to migrate and differentiate, the migration is aided high 
concentrations of another ECM molecule, fibronectin (Campos, 2005). The effects 
of ECM on mouse precursor cells have been linked to ~i1 integrins on the cell 
surface. ~i1 integrin subunits have, in turn, been linked to the MAPK pathway 
(Campos et al., 2004; Jacques et al., 1998; Tate et al., 2004). Also, laminin and 
fibronectin have been shown to have effects on neural progenitor cells in vitro, with 
laminin enhancing cell migration (Flanagan et al., 2006; Jacques et al., 1998) and 
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both laminin and fibronectin enhancing cell proliferation (Jacques et al., 1998; 
Sheppard et al., 1995). 
Receptors for these ECM molecules can be found on all types of stem and 
progenitor cells and play an important role in development, including mesoderm 
development, neural tube closure, cell-cell interaction via ECM, and nervous system 
development (Hynes, 2002). The integrin receptors are made up of an alpha (a) and 
beta ()subunit that dimerize together and recognize specific ligands (van der Flier 
and Sonnenberg, 2001). The subunits span the plasma membrane, linking the ECM 
outside the cell to the cytoskeleton inside the cell. In vertebrates, 18 a and 8 ~3 
subunits have thus far been identified which form 24 known integrin receptors (van 
der Flier and Sonnenberg, 2001). The specific combination of the a and ~3 subunits 
determines ECM ligand-binding specificity, affinity, and intracellular signaling activity 
of the receptors. The ~i1 integrin subunit is found throughout the CNS, including 
neural progenitor cells (Campos, 2005). X31 has been shown to play crucial roles in 
cortical development, causing death and disruption of cortical lamination in the 
absence of the ~1 integrin (Georges-Labouesse et al., 1998; Schmid and Anton, 
2003). Integrins and ECM molecules have also been shown to play a crucial role 
during development of the retina (Li and Sakaguchi, 2002; Li and Sakaguchi, 2004) 
and when the integrin-ECM interaction is blocked, the retinal lamination is disrupted. 
A variety of a subunits are also found on neural progenitor cells and in the CNS, 
including a3, 4, 5, 6, and V (Schmid and Anton, 2003}. During brain development, 
a3 has been shown to play a role in the lamination of the cerebral cortex (Schmid 
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and Anton, 2003) while a6 has been show to be important for the formation of layers 
in both the cerebral cortex and the retina (Georges-Labouesse et al., 1998). Integrin 
a5 is found throughout the cortex and has been shown to play a role in the formation 
of dendrites (Bi et al., 2001). aV integrins appear to provide optimal levels of basic 
cell—cell adhesion needed to maintain neuronal migration and differentiation (Schmid 
and Anton, 2003), and loss of aV results in severe disruption of the cellular 
organization of the brain. 
The experiments described will investigate the effects of the microenvironment on 
the proliferation, adhesion, and differentiation of neural progenitor cells derived from 
the forebrain and retina of neonatal mice. Comparison of these two cell types is 
particularly interesting as they represent two distinct neural progenitor populations 
that are derived from the same species at the same developmental age. These cells 
are potentially very useful as an in vitro systern to study neural development, but 
may also be used to study transplantation into a variety of transgenic and disease 
models in mice (Klassen et al., 2004; Lu et al., 2002; Mizumoto et al., 2003). 
Experiments using the cells as a possible replacement therapy for lost host cells or 
for trophic support of existing host cells have been conducted with varying degrees 
of success. However, the effect of the microenvironment on these particular 
progenitor cells has not been extensively characterized. During the course of our 
experiments, the role ECM molecules play in the microenvironment will be assayed 
and three basic effects will be investigated: 1) adhesion of BPCs and RPCs to 
different ECM substrates, 2) the proliferation of the BPCs and RPCs on different 
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ECM substrates, and 3) the differentiation of BPCs and RPCs on different ECM 
substrates. 
Since specific integrin heterodimer combinations are required to recognize different 
ECM components, BPCs and RPCs may preferentially adhere to one particular 
substrate over another if the cells express a particular integrin receptor complement 
at their surface. For example, a3~31 is the primary collagen receptor; if the 
progenitor cells do not have a3 present at the cell surface, the cells may not adhere 
to collagen substrates as readily as they would adhere to a laminin substrate (a6~1). 
Our results indicate that there was no significant difference in the adhesion of the 
progenitor cells to the different ECM substrates tested in this analysis. Also, 
depending on the progenitor cell line used in an experiment, sometimes conflicting 
results have been published regarding the effects of ECM molecules on proliferation 
in vitro. Jacques and colleagues and Sheppard and colleagues have shown both 
fibronectin and laminin to have an effect on progenitor cell proliferation, while 
Flanagan and colleagues did not see any significant effect when their progenitor 
cells on fibronectin were compared to progenitor cells on laminin. The BPCs and 
RPCs did not show any significant difference in the amount of proliferation on the 
different ECM substrates. Finally, with different ECM molecules aiding in the 
patterning of the CNS, ECM substrates in vitro may affect the fate of differentiating 
progenitor cells. Our results indicate that there was no significant difference in the 
types of cells found after differentiation on different ECM substrates. The results of 
these experiments provide evidence that the BPCs and RPCs can interact with 
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different ECM substrates, allowing the cells to adhere, divide, and differentiate under 
a variety of conditions. 
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Materials and Methods 
Murine Brain and Retinal Progenitor Cell Cultures 
The murine brain progenitor cells (BPCs) and retinal progenitor cells (RPCs) used in 
this study were isolated from brains and retinas of newborn enhanced green 
fluorescent protein (GFP)—expressing transgenic mice (TgN(~3-act-eGFP)040bs) 
(Shatos et al., 2001). The brain and retinal progenitor cells were maintained as 
neurospheres in plastic tissue culture flasks (T-25 Falcon; Fisher Scientific, 
Pittsburgh, PA) in complete culture medium containing Neurobasal Media 
(Invitrogen, Grand Island, NY) supplemented with B-27 (Invitrogen), 200 µM L- 
Glutamine (Invtirogen), nystatin suspension (Invitrogen), penicillin-streptomycin 
(Sigma, St. Louis, MO), and epidermal growth factor (20 ng/mL) (recombinant 
human EGF; Invitrogen). To begin the in vitro assays, the BPC and RPC 
neurospheres were dissociated with Custom ATV (Invitrogen) and gently tritruated 
with a fire polished pipette to obtain a single cell suspension. The cell suspension 
was spun at 800g for 3 minutes and the supernatant was removed. The pellet was 
resuspended in complete media and cell counts performed with a hemacytometer 
(Fisher). Cells were then plated onto substrate-coated, 12 mm glass coverslips at 
an approximate density of 70,000 cells/ml. To prepare the substrates, the coverslips 
were washed with detergent (2% RBS; Pierce Chemical Co, Rockford, IL), coated 
with 10µg/mL poly-L-ornithine (PLO) (Sigma) in sterile water, incubated overnight, 
washed, and coated with either 10µg/mL collagen -I (COL) from rat tail (Sigma), 
human fibronectin (FN) (Fisher Scientific), or mouse-derived laminin (LAM) (Mouse; 
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BD Biosciences, Bedford, MA) in Earles Balanced Salt Solution (EBBS, Invitrogen) 
for 6 to 8 hours. The optimal concentration of ECM coating was determined by 
coating coverslips with 1, 2.5, 5, 10, and 20 µg/ml of COL, FN, and LAM and then 
allowing BPCs to adhere to the coverslips for 2 hours. After that time, cell counts 
were performed to determine which concentration was suitable. The coverslips 
coated with 1, 2.5, and 5µg/ml were found to have many fewer adherent cells than 
the 10 and 20 µg/ml. There was no apparent difference between 10 and 20 µg/ml. 
As such, a concentration of 10µg/ml was used for all subsequent experiments. 
Coated coverslip substrates were used immediately after preparation. coverslips 
were also coated with only 10µg/mL poly-ornithine and used as controls. 
Progenitor Cell Adhesion Assay 
Adhesion of the BPCs and RPCs on ECM substrates (COL, FN, LAM, and PLO 
substrates) was investigated. 70,000 cells/mL single cell suspensions of the BPCs 
and RPCs were placed in medium without EGF and supplemented with 5% fetal 
bovine serum {FBS, Hyclone, Logan, UT) (referred to as differentiation medium). 
100 µL of cell suspension (cell densitity 7,000 cells) was then plated onto the coated 
substrates. After 2 hours, the substrates were rinsed twice with phosphate buffered 
saline (PBS; 8 g NaCI, 0.2 g KCI, 1.44 g Na2HPO4, 0.24 g NaH2PO4•H20 per liter) 
and then the adherent cells were fixed using 4% paraforamdehyde (Fisher Scientific) 
in 0.1 mM PO4 buffer for 30 minutes. The coverslips were then mounted on glass 
slides (Fisher Scientific) using Prolong Gold Antifade Reagent with DAPI (Molecular 
Probes, Eugene, OR). Preparations were examined on a photomicroscope 
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(Microphot FXA; Nikon Corp., Melville, NY). A 20X objective was used to examine 6 
microscope fields, each field representing 0.1 mm2 (360 X 280 µm). In each 
microscope field the number of DAPI nuclei within cells expressing GFP was 
counted. These data were used to determine the number of cells adhered to the 
substrates. The data was analyzed using one-way ANOVA with Bonferroni's Multiple 
Comparison post-test, a = 0.05, n = 3 experiments, 12 fields per condition/per 
experiment. All data analyses were performed blind, to eliminate experimental bias. 
Progenitor Cell Proliferation Assay 
The proliferative properties of BPCs and RPCs were assayed on the ECM 
substrates. Approximately 70,000 cells/ml single cell suspension of the BPCs or 
RPCs in complete medium was plated onto the substrates. After 12 hours, the 
media in the dishes was replaced with similar media types with 20 µg/mL 5-bromo-2- 
deoxyuridine (BrdU, Sigma) and incubated for an additional 12 hours (24 hours total 
culture). The substrates were rinsed twice with PBS and then the adherent cells 
were fixed in 4% paraforamdehyde. Cultures were rinsed with PBS and pretreated 
with 0.06% trypsin (bovine type III; Sigma) for 10 minutes at 37°C. After washing for 
10 minutes with PBS, cultures were treated with 0.1 N HCI for 5 minutes at 4°C, 
followed by incubation in 2 N HCI at 37°C for 15 minutes. The cultures were 
neutralized in basic 0.5 M PBS (pH 8.5) and subsequently incubated in a blocking 
solution [PBS, 5% normal goat serum (Jackson ImmunoResearch Labs, Inc, West 
Grove, PA), 2.5% normal donkey serum (Jackson), 0.1 %bovine serum albumin 
(BSA, Sigma), and 0.4% Triton X-100 (Fisher Scientific)] for 90 minutes. The 
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preparations were incubated in primary anti-BrdU antibody overnight, rinsed, and 
subsequently incubated in the dark for 90 minutes in fluorescent conjugated 
secondary antibody. The coated substrates were mounted to glass slides and 
imaged and counted as described earlier. 
Progenitor Cell Differentiation Assay 
The potential of BPCs and RPCs to differentiate on ECM substrates was assayed. 
Approximately 70,000 cells/ml single cell suspension of the BPCs or RPCs in 
differentiation medium was plated onto the substrates. The cells were cultured in 
the differentiation media for 7 days, replacing the media every 2 days. After 7 days 
the substrates were rinsed twice with PBS and then the adherent cells were fixed 
using 4% paraforamdehyde. The preparations were rinsed in PBS, and incubated in 
a blocking solution for 90 minutes. Specific primary antibodies (see Antibodies 
section) were used to identify progenitor cells and presumptive neurons and glia. 
Cultured cells were incubated in primary antibodies overnight, rinsed, and 
subsequently incubated in the dark for 90 minutes in fluorescent conjugated 
secondary antibody. The coverslips were mounted to glass slides and imaged as 
previously described. 
Integrin Expression Pattern Assay 
To assay the pattern of expression of integrins found in BPCs and RPCs, cells were 
cultured on FN. Approximately 70,000 cells/ml single cell suspension of the BPCs 
and RPCs in differentiation medium was plated onto the substrates. The cells were 
cultured in the differentiation media for 7 days, replacing the media every 2 days. 
After 7 days the substrates were rinsed twice with PBS and then the adherent cells 
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were fixed using 4% paraforamdehyde. The preparations were rinsed in PBS, and 
incubated in a blocking solution for 90 minutes. Specific primary antibodies (see 
Antibodies section) were used to identify integrin receptor subunits and integrin 
associated proteins. Some preparations were also stained with rhodamine phallodin 
to label the F-actin filaments in the cytoskeleton to investigate co-localization of the 
F-actin cytoskeleton with integrin subunits and integrin associated proteins. 
Cultured cells were incubated in primary antibodies overnight, rinsed, and 
subsequently incubated in the dark for 90 minutes in fluorescent conjugated 
secondary antibody. The coated substrates were mounted and imaged as previously 
described. 
Antibodies 
The following primary antibodies were diltued in blocking solution and used at the 
following dilutions over the course of these experiments: Anti-BrdU (rat IgG, Dako 
Corp., Carpinteria, CA) used to identify proliferating cells, anti-Westin (Rat 401, 
mouse IgG, Developmental Studies Hybridoma Bank, Iowa City, IA) used to identify 
progenitor cells, anti-microtubule associated protein (MAP)-tab (mouse IgG; Sigma) 
used as a marker of neurons, anti- ~-III tubulin (TUJ 1) (mouse IgG, Chemicon 
International, Temecula, CA) used as a marker of neurons, anti-protein kinase C 
(PKC) (mouse IgG, Sigma) used as a marker of neurons/bipolar cells, anti-giial 
fibrillary acidic protein (GFAP) (mouse IgG; ICN Immuno Biologicals, Lisle, IL) used 
as a marker of glia, anti-glutamte synthase (GS) (rabbit, IgG, Sigma) used to identify 
Muller gila and astrocytes, anti-a5 integrin (rabbit, IgG, kind gift of Dr. Thomas Joos, 
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Natural and Medical Sciences Institute at the University of Tubingen, Reutlingen, 
Germany) used to identify the a5 integrin subunit, anti-~1 (rabbit, IgG, Abcam, 
Cambridge, MA) used to identify the X31 integrin subunit, and anti-talin (mouse, IgG, 
Sigma) used to identify the integrin associated protein talin. Further information on 
these primary antibodies can been found in Table 1. The following secondary 
antibodies were diltuted in blocking solution and used at the following dilutions over 
the course of these experiments: donkey anti-mouse Cy3 (IgG, Jackson 
ImmunoResearch Labs, Inc.) was used at 1:500 dilution, donkey anti-rabbit Cy3 
(IgG, Jackson ImmunoResearch Labs, Inc.) was used at 1:500 dilution, and goat 
anti-rat (IgG, Jackson ImmunoResearch Labs, Inc.) was used at 1:500 dilution. 
Rhodamine Phallodin (Molecular Probes) was used to stain (1:200 dilution in PBS) 
F-actin filaments in some of the preparations. The phallodin was added to the 
preparation for 20 minutes after the secondary antibody labeling and subsequently 
rinsed in PBS, before mounting the coverslips with Prolong Gold. Negative controls 
were processed in parallel during all immunocytochemical experiments by the 
omission of the primary or secondary antibody. No antibody labeling was observed 
in the control experiments. 
Imaging 
Images for adhesion, proliferation, and differentiation were collected on a 
photomicroscope (Microphot FXA; Nikon Corp., Melville, NY) using NIH Image 
software 1.58VDM. Confocal miscroscopy (TCS-NT; Leica Microsystems Inc., 
Exton, PA) was used to image the patterns of integrin expression. All captured 
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images were then processed using Adobe Photoshop 7.0 (Adobe) and figures made 
in Freehand 10 (Macromedia). 
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Results 
Adhesion of BPCs and RPCs to ECM substates 
Other neural progenitor cell types cultured in vitro have shown various levels of 
efficacy for cell adhesion to different ECM molecules (Flanagan et al., 2006; Tate et 
al., 2004). Also, the loss of certain integrin subunits (and thus, ECM receptors) have 
reduced the effectiveness of cell adhesion (Leone et al., 2005; Tate et al., 2004). 
Since the cell's ability to interact with its ECM environment seems to play such an 
important role in cellular adhesion, the ability of our BPCs and RPCs to adhere to 
different ECM substrates was tested. 
Single cell suspensions of BPCs and RPCs were cultured on collagen-I (COL), 
fibronectin (FN), and laminin (LAM) for 2 hours to determine if substrate composition 
influenced adhesion of the progenitor cells to the culture surface. Poly-L-ornithine 
(PLO), a poly cationic substrate, coated substrates were used as controls. The cells 
were cultured in differentiation media for 2 hours and then prepared for analysis. 
The experiment was replicated 3 times and the densities were averaged together as 
presented in Table 2. 
There were no significant statistical differences between the conditions (One-way 
ANOVA with Bonferroni's Multiple Comparison post-test, a = 0.05, n = 3) for either 
the BPCs or RPCs. COL substrates tended to have the fewest number of adherent 
cells, 1658 ± 70 BPCs and 1871 ± 371 RPCs {cells/cm2). For BPCs, LAM 
substrates had the greatest number of adherent cells (2523 ± 301 cells/cm2 ) while 
PLO had the greatest number of adherent RPCs (2813 ± 807 cells/cm2 ). 
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The results of this experiment reveals that the BPCs and RPCs adhere equally well 
to all the ECM substrates tested, revealing no significant preference for cellular 
attachment to COL, FN, or LAM. 
Proliferation of BPCs and RPCs on ECM substrates 
ECM molecules, such as FN and LAM, have been shown to regulate the proliferation 
of other neural progenitor cell types (Flanagan et al., 2006; Jacques et al., 1998; 
Sheppard et al., 1995). Also, in vivo, areas of the CNS that contain neural 
progenitor cells, such as the subventricular zone, contain higher concentrations of 
some ECM molecules, like laminin, when compared to other areas of the CNS 
(Campos, 2005). However, the role the ECM molecules may play in the proliferation 
and maintenance of the BPCs and RPCs has not yet been investigated. 
To determine if different ECM substrates can influence BPC and RPC proliferation 
the progenitor cells were cultured on COL, FN, and LAM substrates for 24 hours in 
the presence of BrdU. Control cultures on PLO were also maintained. The 
complete culture media was used and, after the first 12 hours in culture, 20 µg/ml 
BrdU was added to the cultures. After 24 hours, the cultures were prepared for 
immunocytochemistry an anti-BrdU antibody was used to detect BrdU incorporation. 
The data was then averaged and expressed as a percentage of BrdU positive cells 
per total number of cells, presented in Table 3. In Figure 1, examples of BrdU 
immunoreactive (I R) BPCs (Fig. 1 A} and RPCs (Fig. 1 B) are illustrated. 
Cell counts indicate that there was no significant difference in the number of 
proliferating cells under any condition (One-way ANOVA with Bonferroni's Multiple 
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Comparison post-test, a = 0.05, n = 3). Approximately 20% of the BPCs in culture 
were BrdU-I R (COL = 26.3 ± 0.5%, FN = 18.5 ± 1.3%, LAM = 18.6 ± 0.7%, PLO = 
23.2 ± 0.6%) and approximately 16% of the RPCs in culture were BrdU-IR (COL = 
15.6 ± 0.5%, FN = 16.0 ± 1.0%, LAM = 16.4 ± 0.2%, PLO = 17.5 ± 0.6%). 
These results demonstrate that although there appears to be a slightly greater 
percentage of BPCs proliferating compared to the RPCs, there were no statistically 
significant differences between the conditions. 
Differentiation of BPCs and RPCs on ECM substrates 
As neural progenitor cells differentiate in vivo, they are often migrating into areas of 
different ECM concentrations and components. For example, as progenitor cells 
cease proliferation and move out of the subventricular zone, containing high 
concentrations of laminin, they enter into an area much more rich in fibronectin 
where terminal differentiation occurs (Campos, 2005). Other factors such as ephrins 
and growth factors are know to influence differentiation (Alvarez-Buylla and Lim, 
2004}, but of primary interest to this study, it has been demonstrated in vitro that 
ECM can influence differentiation of neural progenitor cells (Flanagan et al., 2006). 
However, the specific effects of the ECM substrate on BPCs and RPCs in vitro have 
not yet been fully characterized, and this experiment investigates some of the 
specific cellular phenotypes generated on different ECM substrates. 
By observing the eGFP fluorescence of the cells, a variety of morphologies were 
apparent in the BPC and RPC cultures, illustrated in Figure 2. Small, rounded cells, 
similar in appearance to the original progenitor cells plated on the substrates were 
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rarely visible. Most of the cells had morphologies similar to neuronal and glial cells 
types. Fig 2A displays many of the morphologies found in the BPC cultures. Cells 
with relatively small cell bodies and bi-, tri-, and multipolar morphologies indicative of 
neurons were visible. Broad, flat cells that possess morphologies similar to 
astrocytes were also observed. Fig 3A displays examples of the RPC 
morphologies, which also contain cells with both neuronal and glial morphologies. 
In an effort to more accurately assay differentiation, single cell suspensions of BPCs 
and RPCs were cultured on COL, FN, and LAM for 7 days. After 7 days, the 
cultures were prepared for analysis and a panel of cell-type specific antibodies 
(Table 1) was used to characterize the differentiation of the BPCs and RPCs. 
Figure 3 shows representative images of the cell specific antibody labeling of the 
BPCs after 7 days in culture, Figure 4 shows images of the RPCs. BPCs displaying 
Westin-IR, a marker of neural progenitor cells, tended to have relatively small cell 
bodies, with occasional long processes (Fig 3 A, G, M). Wide, flat Westin-I R BPCs 
were also observed (Fig 3 M), but these were less common. RPCs that were nestin- 
I Rtended to be similar in appearance to the BPC Westin-I R cells (Fig 4 A, G, M), but 
the flatter cells seemed to be somewhat more common. BPCs that were TUJ 1-I R, a 
marker for ~i-III tubulin found in neurons, tended to be bi- or tripolar cells with 
relatively small cell bodies compared to the length of the processes (Fig 3 B, H, N). 
Occasional small rounded cells with few, or no visible processes were also noted 
(Fig 3 B). The TUJ1-IR RPCs tended to be much more multi-polar (Fig 4 H), 
although bi- and tripolar cells were still the most readily apparent (Fig 4 B, N). BPCs 
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that were MAP2ab-IR, another neuronal marker, tended to be more multipolar than 
the TUJ 1-I R cells and the cells bodies seemed larger {Fig 3 C, I, O). The MAP2ab-
IR in the RPCs was also observed in large, multipolar cells (Fig 4 C, I, O). BPCs that 
are PKC-I R, another neuronal marker, were very rare and, when observed, tended 
to be very small bipolar cells (Fig 3 D, J, P). The PKC-I R RPCs were also very rare 
and shared a similar appearance with the BPCs (Fig 4 D, J, P). GFAP is a marker 
for astrocytes and glia and very large, flat BPCs and RPCs were GFAP-IR; some 
with highly branched processes (Fig 3 E, K, Q and Fig 4 E, K, Q). BPCs that were 
GS-IR, another glial marker, were also large and flat, but tended not be as highly 
branched as the GFAP-I R cells (Fig 3 F, L, R). The GS-I R in the RPCs was very 
similar to the BPCs (Fig 4 F, L, R). Photoreceptor specific antibodies were also 
screened (anti-rhodopsin, anti-recoverin), but no I R was observed under the 
conditions used in this study (data not shown). 
The average percentages for the cell type specific labeling are illustrated in Figure 
5. Within a given cell type, no statistically significant difference was observed on the 
purified substrates (P > 0.05, one-way ANOVA). Between cell types, the only 
significant difference was found in the TUJ 1-I R cells; the BPCs were labeled more 
frequently than the RPCs (P < 0.05, one-way ANOVA). Overall, the cells tended to 
be more neuronal-like, with approximately 58% of the BPCs I R for TUJ 1, MAP2ab, 
or PKC. There is quite likely overlap in this percentage, with cells labeling with anti-
TUJ 1 antibody also very likely to label anti-MAP2ab antibody, for example. 
However, many more cells display a neuronal fate while only approximately 15% of 
the BPCs appeared to be glial-like, with GFAP-IR or GS-IR. RPCs had a similar 
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trend, with approximately 44% being neuronal-like and 22% being glial-like. A 
smaller proportion of the cells appeared to be progenitor-like, with only 14% of BPCs 
and 21 % of RPCs labeled with the anti-Westin antibody. The identity of the 
remaining proportion of cells, approximately 15%, remains to be more thoroughly 
characterized. 
This experiment has shown that while the BPCs and RPCs display a variety of 
phenotypes when differentiated on the various ECM substrates, no significant 
difference between the substrates was apparent. Across all the substrates, the 
progenitor cells were much more likely to display neuronal phenotypes as opposed 
to a glial phenotype. 
Expression of integrins and integrin-associated proteins by BPCs and RPCs cultured 
on fibronectin 
It is important to note that ECM molecules could not influence neural progenitors if 
the cells did not have the proper receptors to bind to the ECM ligands. Many of the 
effects previously noted by other studies were the result of functionally blocking the 
ECM receptors with toxins or antibodies (Campos et al., 2004; Flanagan et al., 2006; 
Leone et al., 2005; Tate et al., 2004) or by genetically removing (knocking out) the 
integrins that make up the ECM receptors (Campos et al., 2004; Leone et al., 2005). 
For a cell to move along a gradient of ECM molecules, and then differentiate when it 
arrives in an area with a particular ECM concentration profile, requires a specific 
complement of receptors capable of recognizing the ECM components (Campos, 
2005; Schmid and Anton, 2003). 
20 
Since the BPCs and RPCs were capable of adhering and differentiating on COL, FN, 
and LAM substrates suggests that these neural progenitors express a wide 
complement of integrins, allowing the cells to recognize and interact with a variety of 
ECM molecules. In particular, it has been noted that as neural progenitor cells in 
vivo cease their proliferation and begin migrating towards their targets, they move 
along a high concentration of FN (Campos, 2005). This suggests that FN may play 
a role in the terminal differentiation of the neural progenitor cells as they leave their 
proliferative environment. This experiment has attempted to identify some of the 
integrins and integrin associated proteins that interact with FN in the BPCs and 
RPCs after the progenitor cells have undergone differentiation: subunit a5, subunit 
~1, and talin. 
To assay the presence of integrins and integrin associated proteins after 
differentiation, single cell suspensions of BPCs and RPCs were cultured on FN for 7 
days. After 7 days, the cultures were prepared for analysis and a panel of 
antibodies directed against the a5 and ~1 integrin subunit and talin was used on the 
BPCs and RPCs (Table 1). In some cases the cells were also labeled with 
rhodamine phallodin to visualize the F-actin cytoskeleton. All imaging of the integrin 
and integrin associated proteins was performed using a confocal microscope. 
Figure 6 and Figure 7 show representative images of the a5 and ~1 patterns 
observed in the BPCs after 7 days in culture; Fig 6 also illustrates rhodamine 
phallodin counterstaining in red while Fig 7 shows the anti-talin antibody labeling in 
red. Figure 8 and Figure 9 show similar images of the RPCs. When comparing 
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the a5 (Fig 6 and 7; images A and D) pattern to the ~1 (Fig 6 and 7; images G 
and J), both are found throughout the BPCs in a relatively diffuse pattern. However, 
the a5 is typically observed localized to specific spots or streaks more frequently 
than the ~1, which tends to be much more global in its pattern. .The a5 and X31 found 
in the RPC (Figure 8 and 9; images A and D and Figure 8 and 9; images G and 
J, respectively) show a similar arrangement. The rhodamine phallodin (Fig 6 and 
8; images B, E, H, and K) observed is found in fine filaments through out the cell, 
typical of the f-actin cytoskeleton. The pattern of talin observed was very similar to 
the ~i1 labeling, with fluorescence visible throughout the cells. However, higher 
intensity fluorescence in discrete streaks was also apparent in both cell types (Fig 7 
and 9; images B, E, H, and K), similar to the a5 integrin labeling. The merged 
images (Figs 6, 7, 8, and 9; images C, F, I, K), also illustrating eGFP expression 
and DAPI stained nuclei, show frequent co-localization of the respective labeling 
patterns. In particular, the appearance of colocalization in streaks is indicative of 
focal adhesions. Focal adhesions represent indirect interactions between the f -actin 
cytoskeleton and the ECM (Critchley, 2000; Giancotti and Ruoslahti, 1999). These 
focal adhesions are primarily formed by concentrations of integrins at the cell 
surface on the ventral aspect of the cell. Integrin associated proteins, like talin, 
found immediately inside the plasma membrane in the interior of the cell bind to the 
cytoplasmic domain of the integrins. Tr~ese integrin/integrin associated protein 
interactions then link the ECM to the f-~ictin cytoskeleton. Smaller, more temporary 
contacts, called point contacts, are also visible on the processes and smaller cells. 
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These point contracts, while containing many of the same components as the 
integrin-dependent focal adhesions, are much smaller and punctate in appearance 
(Woo and Gomez, 2006). 
The results of this immunocytochemical study reveal that both BPCs and RPCs have 
integrin subunits a5 and ~1 after differentiation. Also, both cell types contain the 
integrin associated protein talin. Combinations of the various antibodies, along with 




Neural progenitor cells derived from the forebrains (brain progenitor cells, BPC) and 
retina (retinal progenitor cells, RPC) of neo-natal transgenic mice have been used in 
a variety of in vitro cultures and transplantation studies (Klassen et al., 2004; 
Mizumoto et al., 2003; Shatos et al., 2001; Van Hoffelen et al., 2003; Zahir et al., 
2005). These BPCs and RPCs have been shown to express a wide variety of 
mature phenotypic markers both in vitro and in vivo and are capable of surviving and 
integrating within the host environment (retina) during transplantation (Klassen et al., 
2004; Mizumoto et al., 2003; Sakaguchi et al., 2004; Van Hoffelen et al., 2003). The 
RPCs have even demonstrated some functional preservation of the damaged retina 
when transplanted (Klassen et al., 2004). This study investigates the role of the 
ECM microenvironment on progenitor cells. The affect the ECM plays on adhesion, 
proliferation, and differentiation of the progenitor cells was assayed. 
Adhesion of BPCs and RPCs to ECM substrates 
The BPCs and RPCs in these experiments were found to adhere equally well to 
substrates consisting of collagen (COL), fibronection (FN), or laminin (LAM). Each 
ECM molecule is distinct, with different receptors on the cell surface recognizing that 
particular ligand (van der Flier and Sonnenberg, 2001). There is some redundancy 
between substrate-receptor specificity, (a3~31, for example, can interact with COL, 
FN, and LAM}, but the fact that the cells seem to adhere equally well to these ECM 
substrates suggests that the BPCs and RPCs express a wide variety of ECM 
receptor types. 
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During development, the neural progenitor cells are following gradients of various 
ECM components to aid in their migration and interaction and must be able to 
recognize, at various times, different ECM components (Campos, 2005; Schmid and 
Anton, 2003). For example, during development, the cells migrating from the 
ventricular zone are thought to move from areas with high concentrations of LAM, 
following a path of FN laid down by a radial glial cell (Campos, 2005). This ability to 
interact with multiple ECM molecules is likely a feature found in neural progenitor 
cells such as the BPCs and RPCs. 
In addition, if these BPCs and RPCs can recognize and adhere to different ECM 
molecules in vitro, this suggests that they could recognize ECM molecules when 
transplanted in vivo. The BPCs and RPCs have been successfully transplanted into 
multiple model systems, including mouse (Mizumoto et al., 2003}, rat (Klassen et al., 
2004), and Brazilian opossum (Sakaguchi et al., 2004; Van Hoffelen et al., 2003). 
The cells have been shown to survive the transplantation process and begin to 
integrate within their host environment. A variety of cues, including ECM molecules, 
are likely responsible for this integration, particularly in young animals where 
development may still be occurring. 
Proliferation of BPCs and RPCs on ECM substrates 
The BPCs and RPCs in these experiments were found to have the same percentage 
of proliferative cells on all the tested ECM substrates. These results are different 
than those obtained with another type of neural progenitors (Flanagan et al., 2006). 
Flanagan and colleagues, using human neural progenitors (derived from postnatal 
cortex) and murine neural progenitors (derived from E12.5 C57BL/6 cortex), 
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illustrate a clear difference in the proliferative properties of their neural progenitor 
cells when cultured on laminin, as compared to other ECM substrates. However, 
Leone and colleagues have shown that the loss of R1 integrins (and thus, a large 
complement of ECM receptors) does not significantly alter the ability of their neural 
progenitor cells (derived from PN 1 mouse forebrain) to proliferate (Leone et al., 
2005}. Instead, they showed an increase in the number of apoptotic cells when X31 
was conditionally knocked out of the cells using a cre/lox conditional allele. So, 
while overall rate of proliferation did not seem to change with the loss of X31, there 
were fewer cells over time due to increased cell death. 
Taken with some of the other studies showing the influence of ECM molecules have 
on proliferation of neural progenitor cells (Campos et al., 2004; Drago et al., 1991; 
Kearns et al., 2003), this suggests that ECM receptors are linked to pathways 
responsible for cell maintenance (i.e. MAPK) and, depending on the specific 
progenitor cell type, certain receptors may be more closely linked to these pathways. 
Also, integrins have been linked to the cellular response to growth factors (Stupack 
and Cheresh, 2002}, with several growth factor receptors physically associated with 
integrins. Perhaps the BPCs and RPCs possess more of these associated growth 
factor receptors than some of the other neural progenitor cell types, allowing our 
cells to survive and proliferate on ECM substrates that other cells could not use. 
Differentiation of BPCs and RPCs on ECM substrates 
The in vitro differentiation of BPCs and RPCs has been characterized previously 
(Klassen et al., 2004; Mizumoto et al., 2003; Van Hoffelen et al., 2003), but a 
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comparison of the differentiation of RPCs and BPCs on different ECM substrates 
had not yet been carried out. The presented results showed no apparent difference 
in the number of cell types found on the purified substrates, as identified by cell 
specific antibodies. The BPCs and RPCs did show that they were more likely to 
differentiate into neuronal phenotypes, as opposed to glial, which is consistent with 
previously reported results (Klassen et al., 2004; Mizumoto et al., 2003; Van 
Hoffelen et al., 2003). 
ECM molecules have been shown to influence differentiation and patterning of 
neural progenitors in vivo (Bokel and Brown, 2002; Cayouette et al., 2003; De 
Arcangelis and Georges-Labouesse, 2000; Gabay et al., 2003; Schmid and Anton, 
2003; Stupack and Cheresh, 2002) and in vitro (Flanagan et al., 2006; Tate et al., 
2004). It is interesting to note, though, that both in vitro studies cited showed 
markedly different results. Laminin, in both Flanagan et al. and Tate et al. produced 
an increase in the number of differentiated cells with neuronal phenotypes when 
compared to other ECM molecules. However, Flanagan and colleagues reported a 
relatively small percentage (~ 12%) of cells with a glial phenotype while Tate and 
colleagues reported the majority of their cells (almost 90 %) differentiated on laminin 
to be positive for glial markers. 
These different results indicate just how important it is to consider specific neural 
progenitor cell types when interpreting results. BPCs and RPCs were much more 
likely to differentiate into a neuronal phenotype (BPC: ~30% TUJ 1, RPC: ~ 15%) on 
any ECM substrate than either Flanagan, et al. or Tate, et al. neural progenitor cells. 
Also, the percentage of glial cell types found in BPCs and RPCs, while more 
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common than Flanagan and colleagues report, were much less than the numbers 
reported by Tate and colleagues. ECM substrate alone can not account for these 
differences as all groups used approximately the same concentrations of laminin and 
fibronectin. Instead, the isolation methods of the different progenitor cell types may 
be different, or the tissue that the progenitor cells were isolated from (forebrain as 
opposed to retina). Certainly, the species are different in some cases (Flanagan, et 
al. used human neural progenitor cells for some of their results) and even when the 
progenitor cells are derived from mice, the age of the mouse (E12.5 for Flanagan, et 
al.; PN 1 for BPCs/RPCs and for Leone, et al.) must be considered. Also, the 
maintenance process of one group or another could tend to bias the fate of the cells 
before differentiation even occurs. Even the differentiation culture techniques could 
account for the differences noted; with the addition of fetal bovine serum to our 
culture media, this may bias the cells toward a neuronal fate. Further investigation is 
required. 
Expression of integrins and integrin-associated proteins by BPCs and RPCs cultured 
on fibronectin 
When the BPCs and RPCs were assayed for expression of integrins, a5, X31, and the 
integrin associated protein talin were found in all cells observed. The ubiquitous 
nature of ~i1 in the central nervous system has been noted before (Campos, 2005), 
so its presence throughout the differentiated BPCs and RPCs was not surprising. 
Integrin heterodimer x5(31 is the most common receptor for FN (van der Flier and 
Sonnenberg, 2001) and the colocalization of the integrins and integrin associated 
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proteins into focal adhesion is indicative of functional sites of adhesion to the 
substrate surface (Critchley, 2000). Focal adhesions have been shown, in vitro, to 
lead to cytoskeletal rearrangement, entry into S-phase of the cell cycle, and integrin-
mediated gene transcription {Giancotti and Ruoslahti, 1999; van der Flier and 
Sonnenberg, 2001). Typically, focal adhesions are found in large, flat cells such as 
fibroblasts and astrocytes. Similar, integrin-dependent contacts called point contacts 
are often found in smaller cells, such as immature neurons extending neurites (Woo 
and Gomez, 2006}. Point contacts tend to be much smaller and more punctate than 
focal adhesions and are much more transitory, serving to temporarily stabilize the 
neurite as it extends. The presence of point contacts in our cultures indicates that 
the neurites may have been extending out and possibly seeking to establish 
connections with other cells. 
Since much of the a5, ~1, and talin did not colocalize, and given that the BPCs and 
RPC grew equally well on a variety of substrates, it is likely that many other integrin 
combinations were also present forming receptors for other ECM molecules. 
Preliminary results from studies culturing BPCs and RPCs on a complex substrate of 
entactin, collagen, and laminin (ECL) suggest that the progenitor cells also express 




Neural progenitor cells derived from the forebrains (BPC) and retinas (RPC) of 
neonatal mice are potentially useful tools for understanding the development, 
regeneration, and repair of the mammalian central nervous system. While their 
potential to differentiate in vitro and in vivo has been extensively characterized and 
they have been used in a variety of transplantation studies, the effect of the 
microenvironment on their behavior has not been well characterized. The present 
experiments suggest that the BPCs and RPCs express a diverse complement of 
integrin receptors that permits effective adhesion to a variety of ECM substrates. 
Furthermore, the differentiation of the cells does not seem to be influenced by the 
composition of the substrates collagen, fibronectin, and laminin. Further 
characterization of these cells to determine exactly how many combinations of 
integrin receptors they posses and how great an effect the ECM alone has on their 
differentiation, must still be accomplished. 
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Future Work 
The effect of the ECM microenvironment on the brain prognitor cells (BPC) and 
retinal progenitor cells (RPC) must be investigated more completely. Further 
characterization of the integrins and integrin associated proteins expressed by the 
BPCs and RPCs must completed, both on purified ECM substrates (collagen, 
laminin, fibronectin, etc) and on complex substrates (ECL, matrigel, etc). Functional 
effects that these integrins have on the cells should also be investigated. Blocking 
the functional ability of the receptors, either through toxins such as echistatin (a 
disintegrin and potent inhibitor of the fibronectin receptor a5R1) or function blocking 
antibodies can be used to further assay the effect the integrins have on adhesion, 
proliferation, and differentiation of the BPCs and RPCs. Finally, the ability of the 
BPCs and RPCs to produce and deposit their own ECM should be studied. Even 
though the BPCs and RPCs may be initially cultured on a purified substrate, 
deposition of endogenous ECM may be complicating matters. 
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Tables and Figures 
Table 1. Antibodies used during experiment. 
The following antibodies were used at the listed dilutions during the 
immunocytochemical experiments. 
Table 2. Progenitor cell adhesion to ECM substrates after 2 hours in culture. 
This table contains averaged densities of BPCs and RPCs counted on experimental 
substrates. The numbers expressed in this table were calculated by multiply the 
total number of cells counted over six 20x fields and dividing by the total area 
imaged, 0.03528 cm2. No significant differences between culture substrates were 
detected (One-way ANOVA with Bonferroni's Multiple Comparison post-test, a = 
0.05). n = 3. 
Table 3. Progenitor cell proliferation on ECM substrates after 24 hours in culture. 
This table contains averaged percentage of BPCs and RPCs containing BrdU on 
experimental substrates. No significant differences between culture substrates was 
observed (One-way ANOVA with Bonferroni's Multiple Comparison post-test, a = 
0.05). n = 3. 
Figure 1. BrdU positive BPCs and RPCs. 
These images are sample cell count images of BPCs (A) and RPCs (B) captured at 
20x magnification. When the positive BrdU labeling (red) and DAPI labeled nuclei 
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(blue) of a cell colocalized (white arrow), the cell was counted for analysis. Scale 
bar = 50 µm. 
Figure 2. Morphology of eGFP expressing BPCs and RPCs under differentiation 
conditions. 
These images are a sample of the variety of morphologies observed in the BPC (A) 
and RPC (B) differentiation cultures. eGFP expression within the cells allows the 
visualization of the cellular morphology. The cells have also been counterstained 
with DAPI. Scale bar = 100 µm. 
Figure 3. Phenotypic characterization of BPCs on ECM substrates. 
The BPCs shown here were cultured for 7 days on FN (A — F), LAM (G — L), or COL 
(M — R) under differentiation conditions. Cell-type specific antibodies were used to 
characterize cell phenotype (red labeling), while all cells were counter stained with 
DAPI (blue). Some of the cultures were labeled with anti-Westin antibody (A, G, M) 
to mark progenitor cells. Others were labeled with the neuronal markers anti-TUJ1 
(B, H, N), anti-MAP2ab (C, I, O), or anti-PKC (D, J, P). The remaining cells were 
labeled with the glial markers anti-GFAP (E, K, Q) or anti-GS (F, L, R). Calibration 
bar = 30 µm for all images. 
Figure 4. Phenotypic characterization of RPCs on ECM substrates. 
The RPCs shown here were cultured for 7 days on FN (A — F), LAM (G — L), or COL 
(M — R) under differentiation conditions. Cell-type specific antibodies were used to 
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characterize cell phenotype (red labeling), while all cells were counter stained with 
DAPI (blue). Some of the cultures were labeled with anti-Westin antibody (A, G, M) 
to mark progenitor cells. Others were labeled with the neuronal markers anti-TUJ1 
(B, H, N), anti-MAP2ab (C, 1, O), or anti-PKC (D, J, P). The remaining cells were 
labeled with the glial markers anti-GFAP (E, K, Q) or anti-GS (F, L, R). Calibration 
bar = 30 µm for all images. 
Figure 5. Phenotypic cell counts of BPCs and RPCs on ECM substrates. 
Cell counts were performed on the BPC and RPC cultures grown on FN, LAM, or 
COL. 6 20x fields, per experiment, of each condition were imaged and used for 
analysis. The total number of cells on each image was determined by counting the 
number of DAPI stained nuclei; the phenotypic labeling was then counted on the 
same field. No statistically significant differences were observed for phenotypic 
differentation on FN, LAM, or COL substrates (P > 0.05, one way ANOVA). n = 3 
experiments. 
Figure 6. Integrin and phallodin labeling of BPCs on fibronectin. 
The BPCs shown here were cultured for 7 days on FN under differentiation 
conditions. Antibodies against integrin a5 (A and D) and integrin R1 (G and J) 
subunits were used to label the pattern of integrin expression within the cells. The 
cells were also stained with rhodamine phallodin (B, E, H, and K) to visualize the f- 
actin filaments in the cytoskeleton. (A — C, D — F) The pattern of a5 
immunoreactivity within the BPCs often colocalized with f-actin, indicating the 
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presence of focal adhesions (C and F). The a5, while found through out the cells, 
tends to be clustered in small spots and streaks in the focal adhesions. (G —1, J — 
L) The pattern of R1 within the cells also colocalizes with the actin (I and L) but it 
does not seem to form streaks as distinctly as the a5. White arrowheads indicate 
examples of streak-like immunoreactivity consistent with focal adhesions. Merged 
images (C, F, I, L) also illustrate eGFP (green) expression in the cells and DAPI 
stained nuclei (blue). Not all cells expressed the same levels of eGFP. All images 
were captured with a confocal microscope, scale bar = 10µm for all images. 
Figure 7. Integrin and talin labeling of BPCs on fibronectin. 
The BPCs shown here were cultured for 7 days on FN under differentiation 
conditions. Antibodies against integrin a5 (A and D) and integrin R1 (G and J) 
subunits were used to label the pattern of integrin expression within the cells. The 
cells were also labeled with an antibody against talin, an integrin associated protein 
(B, E, H, and K). (A — C, D — F) The pattern of a5 immunoreactivity within the BPCs 
often colocalized with talin, indicating the presence of focal adhesions (C and F). 
The a5, while found through out the cells, tends to be clustered in small spots and 
streaks in the focal adhesions. (G — I, J — L) The pattern of R1 within the cells also 
colocalizes with the talin (I and L) but it does not seem to form streaks as distinctly 
as the a5. White arrowheads indicate examples of streak-like immunoreactivity 
consistent with focal adhesions. Merged images (C, F, I, L) also illustrate eGFP 
(green) expression in the cells and DAPI stained nuclei (blue). Not all cells 
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expressed the same levels of eGFP. All images were captured with a confocal 
microscope, scale bar = 10µm for all images. 
Figure 8. Integrin and phallodin labeling of RPCs on fibronectin. 
The RPCs shown here were cultured for 7 days on FN under differentiation 
conditions. Antibodies against integrin a5 (A and D) and integrin R1 (G and J) 
subunits were used to label the pattern of integrin expression within the cells. The 
cells were also stained with rhodamine phallodin (B, E, H, and K) to visualize the f- 
actin filaments in the cytoskeleton. (A — C, D — F) The pattern of a5 
immunoreactivity within the RPCs often colocalized with f -actin, indicating the 
presence of focal adhesions (C and F). The a5, while found through out the cells, 
tends to be clustered in small spots and streaks in the focal adhesions. (G — I, J — 
L) The pattern of R1 within the cells also colocalizes with the actin (I and L) but it 
does not seem to form streaks as distinctly as the a5. White arrowheads indicate 
examples of streak-like immunoreactivity consistent with focal adhesions. Merged 
images (C, F, I, L) also illustrate eGFP (green) expression in the cells and DAPI 
stained nuclei (blue). Not all cells expressed the same levels of eGFP. All images 
were captured with a confocal microscope, scale bar = 10µm for all images. 
Figure 9. Integrin and talin labeling of RPCs on fibronectin. 
The RPCs shown here were cultured for 7 days on FN under differentiation 
conditions. Antibodies against integrin a5 (A and D) and integrin R1 (G and J) 
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subunits were used to label the pattern of integrin expression within the cells. The 
cells were also labeled with an antibody against talin, an integrin associated protein 
(B, E, H, and K). (A — C, D — F) The pattern of a5 immunoreactivity within the RPCs 
often colocalized with tafin, indicating the presence of focal adhesions (C and F). 
The a5, while found through out the cells, tends to be clustered in small spots and 
streaks in the focal adhesions. (G — I, J — L) The pattern of X31 within the cells also 
colocalizes with the talin (1 and L) but it does not seem to form streaks as distinctly 
as the a5. White arrowheads indicate examples of streak-like immunoreactivity 
consistent with focal adhesions. Merged images (C, F, I, L) also illustrate eGFP 
(green) expression in the cells and DAPI stained nuclei (blue). Not all cells 
expressed the same levels of eGFP. All images were captured with a confocal 
microscope, scale bar = 10µm for all images. 
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Antibody Antigen Host Species Dilution Labels Source 










mouse 1:500 neurons Sigma 
TUJ1 ~3-III tubulin mouse 1:200 neurons Chemicon 
PKC protein kinase C mouse 1:100 neurons/bipolar 
cells 
Sigma 
GFAP glial fibrillary 
acidic protein 





mouse 1:500 Muller glia and 
astrocytes 
Sigma 














BPC (cells/cmL ±SEM) RPC (cells/cm1 ±SEM) 
COL 1658 ± 70 1871 ± 371 
FN 2296 ± 331 2253 ± 491 
LAM 2523 ± 301 2282 ± 531 
PLO 2423 ± 170 2813 ± 807 
Table 2. 
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BPC {% cells BrdU+ ±SEM) RPC (% cells BrdU+ ±SEM) 
COL 26.3±0.5% 15.6±0.5% 
FN 18.5 ± 1.3% 16.0 ± 1.0% 
LAM 18.6±0.7% 16.4±0.2% 
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Rhadamine 
Phallodin MERGE 
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Integrin 
Figure ~. 
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